ABSTRACT Stress fiber-like patterns are visualized by indirect immunofluorescence in scleroblasts (fibroblasts) in situ on the scale of the common goldfish, Carassius auratus, using an affinity-purified antiactin, antimyosin, and anti-alpha-actinin . These fibers demonstrate the classical convergent and parallel patterns exhibited by stress fibers in tissue culture cells. Because the dimensions, the composition, and the pattern of distribution of these cytoplasmic fibers correspond well with those of stress fibers in cultured cells, we will call these fibers stress fibers also . The staining patterns with anti-alpha-actinin and antimyosin along the stress fibers often reveal a periodicity of 1-2 Am, identical to that found in cells in vitro. The majority of scleroblasts do not exhibit stress fiber staining and they are specifically located in the central regions of the scale. Stress fibers are present in scleroblasts residing on or near the edges or radical ridges of the scale . They are consistently orientated perpendicular to these structures ; however, unlike microtubules, stress fibers show no co-alignment with collagen fibers of the scale . The finding that stress fibers are Icoated in regions of the scale more subject to shearing forces may indicate their role in increased cellular adhesion to the substratum .
Stress fibers have been observed in cultured living cells at the light microscope level (3, 14) . Ultrastructurally they are composed of bundles of actin filaments (19) . Fluorescent antibody staining have revealed that many contractile proteins exhibit a specific localization pattern along the stress fiber. The fluorescent stainingpattern of antiactin (17, 27 ) is continuous throughout the length of stress fibers; however, the staining with antimyosin (11) , antitropomyosin (25) , and anti-alpha-actinin (26) is often periodic . Microinjection studies of fluorescently labeled actin (22) and alpha-actinin (9) into living cultured cells also reveal similar fluorescent patterns in the stress fiber .
Studies on stress fibers in cells in vitro have suggested that these fibers may play a role in cell spreading and attachment to the substratum (1, 3, 27, 37) , directed migration or locomotion (33) , in vitro wound healing (16) , and the behavior of transformed cells (15) . To help evaluate the biological significance of the voluminous research on stress fibers in cultured cells, it is important to ask whether stress fibers are epiphenomena or artifacts of cells in tissue culture . To determine whether stress fibers actually exist in cells in situ, we used a tissue that has recently been amenable to irnmunofluorescent visualization of microtubules in situ (6) . In this tissue, fibroblast cells, called scleroblasts, reside as a thin monolayer on the surface of the 804 fibrillary plate of the fish scale (20, 29) . On the underside of the scale the scleroblasts are not covered by epidermal cells and can, thus, be directly visualized.
We demonstate by immunofluorescence techniques that stress fibers are present in cells of a highly differentiated tissue in situ. Although the majority of scleroblasts do not exhibit stress fibers, cells adjacent to the edge of the scale do contain stress fibers. These stress fibers are oriented nearly perpendicular to the edge of the scale . Since the borders of fish scales are likely to be subject to greater shearing forces than central regions, the presence of stress fibers in cells in this region may enhance cellular adhesion to the substratum .
MATERIALS AND METHODS

Preparation of Antiactin Antiserum
ANTIGEN: The marine fish, Stenotomus versicolor, or common scup, were sacrificed by spinal sectionafter ice-water cold shock. Acetone powder was made from --100 g of the fresh muscle (34) . Actin extracted from the acetone powder was first enriched by the cyclic polymerization and depolymerization procedure (34) and then purified by Sephadex G-150 column chromatography (17) . Fractions containing actin were analyzed by 7 .5% PAGE in SDS. The gels were stained with Coomassie Brilliant Blue and scanned at 550 run. Purified actin was lyophilized and stored dry at -20°C.
THE JOURNAL OF CELL BIOLOGY " VOLUME 93 JUNE 1952 [804] [805] [806] [807] [808] [809] [810] [811] ©The Rockefeller University Press " 0021-9525/82/06/0804/08$1 .00 IMMUNIZATION : Lyophilized actin was dissolved in buffer A (34) to a concentration of l mg/ml and polymerized by increasing the salt concentration to 100 mM KCl and 2 MM MgC12 . The F-actin was fixed by 0.1% glutaraldehyde (Taab Labs, Berkshire, England) for 1 h at room temperature and dialyzed for 24 h against several changes of phosphate-buffered saline (PBS) containing 0.85% NaCl, 10 mM Na-phosphate at pH 7.3 . Two white New Zealand female rabbits were each injected subcutaneously with 350 pg of actin, emulsified with complete Freund's adjuvant (Gibco 17-5721 ; Grand Island Biological Co., Grand Island, NY), along two shaved panels on the rabbit's back . An additional rabbit was injected with 350 lag of native polymerized actin emulsified with Freund's adjuvant. After 4 wk the rabbits were boosted with either 350 lag of glutaraldehyde-fixed F-actin or 400 lag of native F-actin emulsified with incomplete Freund's adjuvant (Gibco 660-5720) . The rabbits were bled from ear veins to obtain 50 ml of blood on days 5, 7, 9, and 11 after the boost. Immunoglobulin G (IgG) was fractionated by ammonium sulfate at 40% saturation, redissolved in half the original serum volume of PBS, dialyzed against PBS for at least 1 .5 d with three changes of PBS, and stored either frozen at -20°C or at 4°C in PBS with 0 .02% NaN3 .
Purification and Characterization of Antiactin 
AFFINITY CHROMATOGRAPHY
The purification of antiactin antibody by affinity column chromatography (17) was carried out using slight modification. Briefly, 10 mg of purified actin was dialyzed against 0.2 mM CaC12, 0 .1 M KCI, 10 mM Na-phosphate at pH 9.5, and coupled to 4 ml of wet Sepharose 4B beads (Pharmacia Fine Chemicals, Piscataway, NJ) that were activated by cyanogen bromide (7) . Ammonium sulfate-fractionated immune IgG was chromatographed on DEAE cellulose (Whatman DE52) equilibrated with 10 mM Na-phosphate buffer, pH 7 .5 (11).
The IgG eluting at 40 mM NaCl (100 mg IgG/35 ml) was dialyzed against PBS and gently stirred with the actin-bound Sepharose beads for no more than 2 h at 4°C . The beads were poured into a small column and washed with PBS to remove the unbound IgG until no absorbance was detected at 280 nm . This fraction is defined as absorbed IgG . The bound IgG was eluted with 0 .2 M glycine at pH 2.8 and stored as described previously (11) .
CHARACTERIZATION OF AFFINITY-PURIFIED ANTIACTIN NITROCELLULOSE DISK-TECHNIQUE : Several disks (6-mm diameter)
were cut from a nitrocellulose sheet (HA, 0.45 lint; Millipore Corp., Bedford, MA) and attached to a petri dish with double-stick tape . 5 JA of solution (1 mg/ ml) containing purified fish skeletal actin, human platelet actin, or chicken gizzard tropomyosin was applied to the center of a disk and allowed to dry . The disks were then flooded with PBS containing 3% bovine serum albumin (BSA) and 1% normal goat serum (NGS) and incubated for 15 min . They were rinsed twice in PBS for 2 min each and incubated for 30 min with 20 pl of varying concentrations of either affinity-purified antiactin or absorbed IgG. Antibodies bound to the disk were visualized by the peroxidase-antiperoxidase (PAP) procedure described below . ELECTROPHORESIS BLOTTING TECHNIQUE : Thespecificity oftheantiactin was determined by modifications of the electrophoretic blotting technique (35) . Crude fish skeletal muscle extracts, twice-cycled pig brain microtubule proteins, and known protein standards including purified actin were loaded onto an SDS-containing slab gel and electrophoresed using 5% stacking and 7 .5% separating gels (24) . The gels were removed and rinsed quickly in a modified electrode buffer containing 20% methanol and no SDS. An aluminium-foilcovered glass plate was placed flat in a shallow plastic tray and was connected to the positive electrode of the power supply. A Whatman no . 1 filter paper was placed on the plate and saturated with the modified electrode buffer . All subsequent interfaces were also generously wetted with this buffer. We laid a nitrocellulose sheet over the filter paper, taking care to avoid bubbles . The polyacrylamide gel was carefully placed over the nitrocellulose, which was followed by another Whatman filter paper . Another aluminium-foil-covered glass plate (negative electrode) was placed over the multiple layers, two 1-mm Teflon strips were interposed between the plates on either side of the gel, and the top plate was held down with an --200-g mass. The gel bands were then electrophoresed onto the nitrocellulose by running at 1 .5-2 .0 V (16-30 mA) for 1 h . The nitrocellulose was cut into strips corresponding to the gel lanes, and, to confirm the successful transfer of proteins, a few strips were stained with 0.1% amido black in 45% methanol, 10% acetic acid for 5-15 min, and destained with 90% methanol and 2% acetic acid for 20 min . The nitrocellulose strips that were not stained with amido black were incubated for 1 h with 3% BSA and 1% NGS in PBS at 25°C. The strips were rinsed twice in PBS and incubated for 30 min in 50 fit of affinity-purified antibody (100 pg/ml) or absorbed IgG (500 lag/ml) in 3% BSA in PBS. The PAP procedure described below was used to detect bound antibodies . 
Preparation and Staining of Cells in Situ
Scales from the common goldfish, Carassius auratus, were removed with fine forceps and immediately fixed with 3 .7% formaldehyde, l mM EGTA, 1 mM MgC12 in PBS for 30 min . The scales were incubated with 3% BSA in PBS for 15 min to reduce nonspecific background staining, followed by three rinses in PBS for a total of 5 min . The membranes were rendered permeable by treatment with 0.2% Triton X-100 for 4 min and then rinsed in PBS three times as before .
Indirect immunofluorescence procedures (6) were carried out on different scales with the following antibodies : affinity-purified antiactin (50 lag/ml), a 1 :20 dilution of serum containing antimyosin, and a 1 :20 dilution of anti-alpha-actinin serum .
Controls for Indirect Immunofluorescence
Fixed and permeabilized fish scales and cultured cells were incubated (a) with the absorbed IgG and then Fl-GAR, (b) with preimmune serum and Fl-GAR, (c) with Fl-GAR alone, or (d) with antiactin and then unlabeled GAR followed by Fl-GAR. In addition, the various cell types in the scale were examined for any autofluorescence after formaldehyde fixation . Controls for the antimyosin and anti-alpha-actinin staining of the fish scale were carried out as for the controls for the antiactin staining described above .
Microscopy and Photomicroscopy
Observation of fluorescent staining was carried out by use of a Leitz microscope (Orthoplan) equipped with a Xenon lamp (XBO-150, Xenon Corp ., Watertown, MA), a Ploemopak 2 illuminator containing a Leitz L-2 filter block and a Zeiss 63X planapo phase-objective lens (N .A . 1 .4, oil) . For phase-contrast microscopy, a Leitz phase contrast condensor was fitted with a phase ring matching the Zeiss lens . Photomicrographs are taken with a Leitz automatic camera (Orthomat-W) using Kodak 35-mm Tri-X film. The film was pushed to ASA 1000 by development in Acufine (Acufine, Inc ., Chicago, IL). To determine the shape of scleroblasts on the scale, we used Zeiss UEM stand equipped with Nomarski differential interference contrast system and a 63X planapo phase-contrast lens (N .A . 1 .4, oil) . The photographs were taken using Kodak Pan X and Zeiss automatic exposure system (MC63) .
RESULTS
Column-purified Actin
When twice-cycled fish skeletal muscle actin was chromatographed on a Sephadex G-150 column, two distinct peaks were obtained . Both components were determined to be actin by SDS PAGE . The faster running component (20% of the total protein) was thus assumed to consist of actin oligomers. The peak fractions of the second component (80% of the total protein) were used to inject the rabbits and to construct the affinity column . An SDS gel of the second peak fractions is shown in Fig. 1 a, and the purity of the fraction was >99% as determined by scanning stained gels .
Characterization and Purification of the Antiactin Antisera
Of three rabbits injected, only one rabbit immunized with glutaraldehyde-fixed F-actin produced antiserum that demonstrated stress-fiber staining after the initial or secondary boost. However, this antiserum did not form precipitin lines against purified actin, crude extracts of the original fish skeletal muscle, or extracts from human platelets as determined by Ouchterlony analysis or immunoelectrophoresis. Affinity-purified antiactin antibodies also failed to form precipitin lines.
The presence of nonprecipitating antiactin was detected by the nitrocellulose disk technique (Fig . 1 b) , and the specificity of the antiactin was established by the electrophoretic blotting technique (Fig . 2 c) . In Fig. 1 b, purified fish skeletal muscle actin was adsorbed to disks 1 through 5, while human platelet actin and chicken gizzard tropomyosin were loaded onto disks 6 and 7, respectively . Disks 1 and 2 were reacted with absorbed IgG and show little or no peroxidase reaction product. Intense staining was present in disks 3 (250 I.g/ml antiactin), 4 (100 ftg/ml antiactin), and S (10 Etg/ml antiactin) . The antibodies FIGURE 1 Antigen preparation and characterization of antiactin. (a) Coomassie Brilliant Blue-stained polyacrylamide gel of column purified fish skeletal muscle actin . 100 ug of protein is loaded . (b) Characterization of nonprecipitating antiactin by nicrocellulose disk technique. Purified antigens (5 fig) are adsorbed onto nitrocellular disks, and the PAP staining procedure is carried out after the disks are incubated with 0.1 ml of either affinity-purified antiactin or absorbed IgG . The absorbed antigen and the immunological reagent for each disk are: disk 1, fish skeletal muscle actin and absorbed IgG (0.37 mg/ml) ; disk 2, fish skeletal muscle actin and absorbed IgG (0.037 mg/ml) ; disk 3, fish skeletal muscle actin and antiactin (0.25 mg/ml) ; disk 4, fish skeletal muscle actin and antiactin (0.10 mg/ml) ; disk 5, fish skeletal muscle actin and antiactin (0.01 mg/ml) ; disk 6, human platelet actin and antiactin (0.25 mg/ ml) ; disk 7, chicken gizzard tropomyosin and antiactin (0 .25 mg/ ml) . Disks [3] [4] [5] [6] show reaction products, while disks 1, 2, and 7 do not. The antiactin made against fish skeletal muscle actin crossreacts with human platelet actin (disk 6) . There are no detectable antibodies to tropomyosin, a likely contaminant in the original actin preparation (disk 7) . The size of the stained area is not quantitative and relates only to the spread of the antigen solution during the adsorption process.
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THE JOURNAL OF CELL BIOLOGY " VOLUME 93, 1982 When such a'strip was stained with amido black (Fig . 2b) , most of the major bands could be identified, including actin (arrowhead) . However, because transfer efficiency was low and the amido black is less sensitive than the Coomassie Blue, minor bands are not detectable (compare Fig. 2a and b) . High molecular weight components such as the microtubule-associated proteins (Fig. 2b, lane 1) and myosin (Fig. 2b, lanes 2  and 3) were particularly poorly transferred.
When an unstained nitrocellulose strip similar to lane 3 of Fig. 2 b was reacted with affinity-purified antiactin and processed through the PAP procedure, only the actin band (arrowhead) showed an intense reaction product (Fig. 2c, strip 1) . No staining was observed when absorbed IgG was used instead of antiactin (Fig . 2c, strip 2) . The area around the dye front always showed some nonspecific reaction product.
When embryonic chick tissue culture cells or 3T3 cells were stained with affinity-purified antiactin and Fl-GAR, cells exhibited fluorescence patterns similar to those of antiactin staining reported by other investigators (17, 27) . Fig. 3a shows fluorescently labeled parallel and convergent stress fibers, the ruffling cell perimeter, and diffuse perinuclear cytoplasmic staining of cultured embryonic chick cells. Lamellipodia, when present, also stained brightly . These staining patterns were immunologically specific, because the four control experiments The area demarcated by the box is enlarged and represented in the lower drawing . This drawing depicts the orientation (i .e ., undersurface facing upwards) of the scale seen in the epifluorescence microscope. The undersurface of the scale is covered by a monolayer of fibroblastic cells called scleroblasts which are in intimate contact with the uppermost ply of orthogonally arranged collagen fibers (fibrillary plate) . Exterior to the fibrillary plate is the partially mineralized sclerite layer, which includes the growth annuli . The sclerite is also covered by a scleroblast layer . Loose connective tissue is then described in Materials and Methods did not show such staining patterns. Cells in Fig. 3 b were stained with a high concentration (0.5 mg/ml) of absorbed IgG and show nonspecific staining of nuclei, cytoplasmic particles, and certain areas of the cytoplasm .
Controls for Indirect Immunofluorescence on Goldfish Scales
When goldfish scales were stained with absorbed IgG and Fl-GAR, only a low level of general fluorescence was detectable (Fig. 3 c) . Granules of xanthophores showed autofluorescence, but this did not interfere with our studies, as we used the proximal half of the scale (see Fig . 4 for orientation) . Controls for anti-alpha-actinin and antimyosin staining on the scale were also carried out as described above, except that absorbed IgG was not tested. Both preimmune sera and competition controls for these antibodies exhibited a low level of general fluorescence.
Determination of in Situ Scleroblast Shape
Scleroblasts form a thin pseudo-epithelium that surrounds the entire fibrillary plate of the fish scale, forming a continuous unicellular sheet (20, 29 ; Fig . 4 ). All images were taken on the proximal and underside of the scale where scleroblasts can be directly visualized, since in other regions the scleroblast monolayer is covered by epidermal cells, xanthophores, and iridophores (Fig . 4) .
When Nomarski differential interference contrast microscopy was used, closely associated scleroblasts forming a pseudo-epithelium could be examined (Fig . 5) . The contour of scleroblasts appeared smooth, indicating a lack of large cell processes . Establishing this fact is important to ensure that the fluorescent fibers revealed by immunofluorescence (Figs. 6-8) encountered followed by the basal lamina and finally the epidermal cell layer that faces the external environment . The relatively flat surface of the scleroblast layer on the undersurface permits examination of stress fibers stained with specific antibodies .
were not dell processes. Fig. 5 also shows the collagen fibers of the scale (arrows) and the epidermal cells (Ep) near the edge of the scale .
Visualization of Stress Fibers in Scleroblasts in Situ
Phase-contrast images of the proximal and underside of goldfish scales (Fig. 6 a and c) showed scleroblast nuclei (N) and the growth annuli (arrows) roughly parallel to the edge of THE JOURNAL Or CELL BIOLOGY " VOLUME 93, 1982 the scale . As opposed to Nomarski differential interference contrast, phase-contrast images did not reveal boundaries of individual scleroblasts .
When fish scales were stained with affinity-purified antiactin and FI-GAR, epidermal cells showed intense and diffuse staining. Although they were situated below the focal plane during epifluorescence examination of the scleroblasts, their bright fluorescence illuminated the entire scale. This background noise reduced the contrast of the fluorescent signal in the scleroblast. In addition, the epidermal sheet was slightly exposed on the underside of the scale, thus the edges of the scales stained brightly (Fig . 6 b and d) . Despite these limitations, actin-containing fluorescent fibers in scleroblasts can be seen just outside and penetrating into the bright region on the edge of the scale (Fig. 6 b and d, arrows) . These fluorescent fibers exhibit an overall morphology similar to that of stress fibers observed in vitro . The fibers are -0 .5 jum in width and often extend 20 ILm or more in length, indicating that they can span the entire length of some scleroblasts (see Fig . 5 for the size of the cells). The fibers often reside in groups and are either convergent (Fig. 6b, arrows) or nearly parallel (Fig. 6d, arrows) . In contrast to microtubules (6), the antiactin staining fibers do not appear to align with collagen fibers.
Visualization of Alpha-actinin in Scleroblasts in Situ
When the fish scales were stained with anti-alpha-actinin and Fl-GAR (Fig . 7 b) , an intense fluorescence on the edge of the scale due to the epidermal cells was again visualized . In addition there were fibers exhibiting a periodicity of 1-2 Am along their length . As in the antiactin staining patterns, anti- alpha-actinin stained parallel as well as convergent fibers. The convergence of the fibers was directed either toward ( Fig. 7 b, arrows) or away from (Fig . 7 b, arrowheads) the edge of the scale . Most of the fibers were oriented perpendicular to the edge of the scale . The orientation of the fibers was independent of the direction of the collagen fibers (Fig . 7 a, arrow) .
Visualization of Myosin in Scleroblasts in Situ
The antimyosin staining in scleroblasts was also primarily confined to fibers oriented perpendicular to the growth annuli (Fig . 8 b) near the edge of the scale (Fig. 8 a, arrowhead) . Again, these fibers showed no correlation with the orthogonally arranged collagen fibers (Fig. 8 a, arrows) . Although many fibers showed continuous fluorescence along their length, some appeared to have intermittent fluorescence (Fig . 8 b, arrows) . Again, the periodicity was -1-2 pin. In regions where the radiating ridges of the scale were observed (Fig . 4, and Fig . 8 c  and d, rr) , antimyosin-staining fibers were oriented perpendicular to this structure and appeared to span it (Fig . 8 d) . A periodicity along these fibers is occasionally observed in this region as well (Fig . 8 d, arrow) . The co-orientation of the stress fibers in Fig. 8 d with the direction of growth annuli and collagen fibers (Fig . 8 c, arrows) is coincidental, as they have no correlation in other fields .
Immunofluorescence Patterns of Scleroblast in the Central Region of the Scale
The parallel and convergent fluorescent fibers stained with antiactin and anti-alpha-actinin were rarely found in scleroblasts in the more central regions of the scale. Instead, we found meandering fibers that stained continuously with antiactin and discontinuously with anti-alpha-actinin . These fibers often formed triads, suggesting that they may represent regions of the cell margin. The orientation of collagen fibers, the growth annuli, and the radiating ridge had no relation to the pattern of these meandering fibers . Antimyosin staining in the more central regions sometimes revealed fluorescent fibers similar to those found near the edge .
DISCUSSION
Induction, Purification, and Characterization of Antiactin
That actin is a highly conserved molecule probably explains its poor antigenicity. Although autoantibodies against actin can be encountered in certain human liver diseases (13, 23) , to elicit an immune response in experimental animals it is usually recommended to alter the actin molecule before injection by SDS denaturation (21, 25) , by heat denaturation (31), by "aging" (36) , or by glutaraldehyde fixation (17) . Herman and Pollard (17) found that glutaraldehyde-fixed F-actin produced antibodies in all of five rabbits used although none of the antisera formed precipitin lines with actin in double-diffusion analysis unless the antibody was purified and concentrated by affinity chromatography . We took this approach to make antibodies against fish skeletal muscle actin .
We found that only one of the two rabbits immunized with glutaraldehyde-fixed F-actin produced antibodies . Native Factin did not elicit antibodies even after the fourth boost . In addition, our affinity-purified antibody, even at high concentrations, still did not form precipitin lines in double-immunodiffusion analysis . Thus, our antibody is of the nonprecipitating type, due not to low titer but to an inability to form a stable cross-link between actin monomers . To demonstrate the presence and the specificity of nonprecipitating antibodies, we used antigens immobilized onto nitrocellulose . The sensitivity of the electrophoretic blotting-peroxidase methods (35) is quite high . For example, when 2 ILg of actin was loaded onto the microgels and roughly 10% was transferred to the nitrocellulose, it was sufficient to produce an intense reaction product.
Do Stress Fibers Exist in Cells in Situ?
Bundles of actin filaments are present in the core of the microvilli of intestinal absorptive cells (28) . Tropomyosin, alpha-actinin, myosin, and filamin are localized only in the terminal web region of these cells and not along the microfilament bundles of the microvillus (2) . In contrast to the composition of the microvillar core, all these proteins are associated with stress fibers in tissue culture cells. It is thus clear that microvillar actin bundles cannot be considered as a stress fiber in situ .
Besides the microvillar-related structures such as stereocilia 81 0 THE JOURNAL Or CELL BIOLOGY " VOLUME 93, 1982
and filopodia, there are relatively few examples where microfilament bundles are found in nonmuscle cells in situ: Sertoli cells (10), iridophores of reptiles (32) , cone cells of the teleost retina (4), cuticle-forming cells of insects (30) , and vascular endothelial cells (8) . However, none of these microfilament bundles has been shown to have the same composition and arrangement of proteins as stress fibers in cultured cells. Several contractile proteins have been immunohistochemically localized in a variety of tissue using cryostat sections . However, none of these studies revealed filamentous distribution of the cytoskeletal proteins . The present study has established that stress fiber-like structures can be observed by immunofluorescence in scleroblasts in situ. The intracellular distribution of these fibers is analogous to the convergent and parallel patterns observed in cultured cells . These fibers consist of actin, myosin, and alpha-actinin. In addition, the 1-to 2-pm periodicity exhibited by antimyosin and anti-alpha-actinin staining compares well with the periodicities observed in stress fibers in tissue culture cells. Since the distribution, dimensions, and composition of these fibers are similar to those of stress fibers, we have chosen to also term them stress fibers .
Significance of Stress Fibers in Situ
Scleroblasts reside on the fish scale and are intimately associated with the orthogonally arranged collagen fibers of the fibrillary plate. They are believed to be responsible for the synthesis of the collagen (20, 29) . We previously found a coalignment of microtubules with the collagen fibers, suggesting that microtubules may play a role in the organization of collagen fibrils of the fish scale (6) . However, the present study shows that the orientation of stress fibers is independent of the directionality of the collagen fibers . Whether the stress fibers are oriented with another extracellular fibrous matrix, such as fibronectin, as it is in vitro (18), remains unknown.
Stress fibers are specifically located at the edge of the scale and elevated ridges where greater shearing forces are expected to be encountered at an interface between a rigid medium (fibrillary plate) and a less rigid medium (loose connective tissue). This finding may suggest that Scleroblasts form stress fibers so that cell adhesivity is increased in these regions. This hypothesis is consistent with the fact that stress fibers in tissue culture cells are important for enhanced cell adhesion to the substrate. However, it is interesting to note that the majority of scleroblasts do not exhibit stress fibers and yet they are extremely flat and well-attached to the fibrillary plate. Recent studies have indicated that, while most vascular endothelial cells in situ do not have stress fibers, cells located in the area where increased shear force is expected can develop stress fibers (38, 39). These findings indicate that in situ cells use a different mechanism for adhesion and that stress fibers develop only when increased adhesion is necessary.
